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ABSTRACT - The proper quantification of serotonin and melatonin in different foods is indispensable to 
evaluate the significance of their dietary intake on blood and plasma levels in humans. This review 
summarizes the issues regarding the measurements of these compounds from sour cherry and sweet 
cherry. Sample preparation and analytical methods are discussed, mainly focusing on the liquid 
chromatographic determination of these compounds, with special respect to their parallel determination 
in one run. 
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INTRODUCTION 
The high ingestion pattern of sweet cherries has been reported to be health 
promoting, including the alleviation of arthritic pain, reducing the risk of 
cancer and neurodegenerative diseases. These multiple health benefits are 
significantly linked to the strong antioxidant effect of the fruit. Sweet cherries 
are good sources of many phytochemicals, including anthocyanin flavonoids 
and other compounds such as phenolic acids. The total antioxidant activity 
highly correlates to the concentration of these compounds (Ballistreri et al., 
2013; Chockchaisawasdee et al., 2016; Wani et al., 2014;  Nawirska-Olszańska 
et al., 2017).  
Melatonin, primarily known as a neurohormon in mammals, also occurs in 
sweet cherries as a phytohormone; parallel with serotonin, its precursor that 
has a neurotransmitter role in mammals. Moreover, melatonin possesses 
antioxidant properties, therefore it can contribute to the antioxidant capacity 
of the fruit. These indoleamine derivatives can be originated from food besides 
endogenous formation in human as they can be absorbed and enter the 
bloodstream. The level of dietary intake may have an influence on their levels 
in blood and tissues and may contribute to their physiological effects, 
nevertheless, the degree of this contribution is still not completely elucidated 
(Garcia-Parrilla et al., 2009, González-Gómez & Lozano, 2009; Feng et al., 2014; 
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Kirakosyan et al., 2009). Moreover, there is scarce information available in the 
literature on the melatonin and serotonin content of fruits, especially in the 
case of sweet cherries. One of the factors that render these studies complicated 
is that the quantification of indoleamine derivatives is difficult from food 
matrices. The aim of this brief outline is to summarise the possibilities of the 
analysis of serotonin and melatonin from cherries. 
 
Sample preparation 
Fruit tissues are usually freeze-dried prior to extraction as it was applied to 
different cherry cultivars and their products  (Burkhardt et al., 2001, González-
Gómez & Lozano, 2009; Kirakosyan et al., 2009; Kocadağli et al., 2014; Rosado 
et al., 2017) and also for several commonly consumed fruits (Huang & Mazza, 
2011). Contrary, some authors (Homoki et al., 2015; Islam et al., 2016, 
Reinholds et al., 2016) used freshly crushed fruits to extract indoleamines.  
There are large differences among the extraction solvents and techniques 
that are used to obtain indoleamine derivatives (Table 1.) with one exception, 
i.e. all of the authors carried out extraction under dim light in order to avoid 
the degradation of analytes. As indole ring is sensitive to light, exposure to UV 
light can completely destroy this compound in standard solutions (Huang & 
Mazza, 2011). Serotonin and melatonin have amphipathic characteristic, 
therefore, the choice of solvent is difficult in order to obtain complete recovery 
(Garcia-Parilla et al., 2009). The ratio of organic/aqueous solvent used for 
extraction ranged from 0 to 100% in the method descriptions cited in Table 1. 
Some of the authors purified the resulting extract with an additional extraction 
step (Burkhardt et al., 2001, González-Gómez & Lozano, 2009; Huang & Mazza, 
2011, Homoki et al., 2015) or with SPE (Kirakosyan et al., 2009; Reinholds et al., 
2016; Rosado et al., 2017 ), while others did not (Kocadağlı et al., 2014; Islam 
et al., 2016, Özen and Ekşi, 2016). As the chemistry of plants is very complex, 
coelution of compounds with similar characteristic may cause false results, 
therefore the clearing of the extract with a purification step is advantageous. 
On the other hand, including a further step may cause lower recovery, 
moreover, it was reported that melatonin can be decomposed by the 
impurities being present in organic solvents (Feng et al., 2014). 
The amino group of serotonin can be protonated, resulting in an increase in 
the solubility of the molecule in aqueous systems. The pH values of the aqueous 
extraction solutions were set to 8.0 or below this value (Table 1.) according to 
the pK value of serotonin (10.4±0.2, Chattopadhyay et al., 1996). In the case of 
inclusion of a purification step with an organic solvent the aqueous extract has 
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to be alkalify prior to extraction in order to obtain an acceptable recovery 
(González-Gómez and Lozano, 2009). For melatonin, the acidic hydrolysis of 
the amide group is promoted at low pH, if the temperature is elevated, 
nevertheless, extraction usually occurs at room temperature. Authors, who 
aimed the simultaneous determination of serotonin and melatonin (González-
Gómez & Lozano, 2009; Huang & Mazza, 2011; Özen and Ekşi, 2016), did not 
use solutions with acidic pH during extraction. The parallel extraction of these 
two indoleamine derivatives from cherry is very scarce in the literature. Huang 
and Mazza (2011) reported good recovery in methanol extracts for both 
serotonin (100.9%) and melatonin (101.3%). However, ethyl acetate, the 
purifying solvent, was not appropriate for the extraction of serotonin at all, 
giving zero recovery for this compound. As a result, the clear-up step with ethyl 
acetate/water was applied only for melatonin and not for serotonin. The 
absence of this step might be one of the reasons why the LOQ was more than 
three orders of magnitude higher for serotonin than for melatonin (Table 1). 
González-Gómez and Lozano (2009) reported similar LOD values for melatonin 
and serotonin and their purification step with 0.1 M KOH/chloroform can be 
applied for both indoleamine derivatives; nevertheless, the recoveries were 
lower than in the previous report. 
 
Analytical measurement  
Melatonin is widely distributed in higher plants and plant foods but its 
concentration is in low ppb range, therefore, its quantification is difficult 
(Kocadağlı et al., 2014). However, several chromatographic and 
immunoanalytical methods have been reported to be successful. 
Immunological techniques include enzyme-linked immunosorbent assay 
(ELISA), immunoprecipitation and radioimmunoassay (RIA) (Kocadağlı et al., 
2014; Garcia-Parrilla et al., 2009; Feng et al., 2014). In the case of RIA, 
melatonin levels were reported higher compared to results based on GC-MS. A 
possible explanation was the presence of a compound that cross-reacted with 
melatonin antiserum (Garcia-Parrilla et al., 2009; Feng et al., 2014). 
Indoleamine derivatives are thermally labile at the temperatures of gas 
chromatographic (GC) separation and they are nonvolatile, therefore 
derivatisation is necessary to improve their stability and volatility. Most often 
trifluoroacetyl or trimethylsilyl derivatives are analysed using nonpolar 
stationary phases. Despite the resolution power, and high sensitivity of GC-MS, 
the use of this technique is scarce for the analysis of melatonin, owing to the  
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need of derivatization and deuterium-labelled internal standards for accurate 
quantification (Harumi & Matsushima, 2000).  
The most widespread technique for the analysis of melatonin is high-
performance liquid chromatography (HPLC) used in tandem with 
electrochemical (ECD) or fluorometric detectors (FD) or coupled to mass 
spectrometer (MS) (Garcia-Parrilla et al., 2009; Kocadağlı et al., 2014; Feng et 
al., 2014). Most of the methods have used reversed phase systems for the 
separation of compounds, including C18 or C8 columns, and mobile phases 
containing formate, acetate or phosphate buffer (pH=3.4-4.8) with acetonitrile 
or methanol (Burkhardt et al., 2001, Harumi & Matsushima, 2000; Garcia-
Parrilla et al., 2009; Feng et al., 2014; Homoki et al., 2015; Rosado et al., 2017).  
Electrochemical detection is based on the electro-oxidation of the analytes 
on the electrode surface. The setting of the applied potential highly effects the 
sensitivity of the detection. In the case of melatonin assay, its maximum value 
is usually between 700 and 900 V (Harumi & Matsushima, 2000; Sharma et al., 
2018). In general, these sensors are highly sensitive and they have wide linear 
response. However, reusability and reproducibility can be reduced by the 
oxidation products which absorb on the surface of the electrode (Sharma et al., 
2018). In order to avoid the shortening the lifetime of the electrode the ratio 
of organic solvent in the mobile phase should be kept below 20-30% (v/v) 
(Harumi &Matsushima, 2000; Feng et al., 2014). This limit may cause 
difficulties to carry out analysis at a reasonable time in reversed phase 
gradient elution because the preferable ratio of the strong eluent (methanol or 
acetonitrile) in order to eluate highly absorbing contaminants at a reasonable 
time is much higher than this limit value.  
Indoleamine derivatives can also be detected with a spectrofluorometer, as 
indole is highly fluorescent (Bridges & Williams, 1968).  The applied ranges of 
excitation and emission wavelength are within the ranges of 230-300 nm and 
340-355 nm, respectively (Harumi & Matsushima, 2000; Feng et al., 2014; Islam 
et al., 2016). The advantage of FD over ECD is that higher ratio of organic 
solvents can be used in gradient elution. Contrary, FD is less sensitive than 
ECD, based on the reported detection limits of melatonin (Harumi &  
Matsushima, 2000). The pre-concentration of the sample extract was 
necessary when melatonin was measured from grape-related foodstuff 
(Mercolini et al., 2012). In the case of cherry melatonin content was measured 
with HPLC-MS or with HPLC-ECD and not with HPLC-FD (Table 1).  
The melatonin content of different cherry cultivars varied over a wide 
range (Table 1). Huang and Mazza (2011) did not detect melatonin in sweet 
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cherry, while melatonin was measured from other fruits in the range of 0.01-
0.1 μg/kg. Kocadağli and co-workers (2014), moreover, Reinholds and co-
workers (2016) also reported the absence of this indoleamine derivative in 
cherry, with quantification limits in the range of 0.05-0.005 μg/kg. 
Analysis of serotonin can be obtained with the same techniques like 
melatonin, including immunoanalytical and chromatographic methods 
(Sharma et al., 2018). There is approximately three orders of magnitude 
difference between the presented values of cherries (Table 1). Islam and co-
workers (2016) presented the validation and application of an HPLC-FD 
method. The serotonin, tryptophan and tryptamine content of various fruits 
and vegetables, including root and shoot vegetables were determined, 
melatonin was not measured. They used 5-hydroxy-tryptophane as an internal 
standard, although this compound is also part of the biosynthetic pathway of 
serotonin (Feng et al., 2014). In the experiment of González-Gómez and Lozano 
(2009) the serotonin content of cherry was measured parallel to that of 
melatonin. The concentrations of the two indoleamines were very similar, 
being in the sub ppb range. In the assay of Huang and Mazza (2011) serotonin 
content of sweet cherry was below LOD.  
The most important factors which contributed to the observed wide 
variation in the concentration of indoleamine derivatives were reported as 
variety and growth condition of cherries (Reinholds et al., 2016), however, 
there were also large differences in the degree of validation of the analytical 
methods used for these studies.  
 
Simultaneous analysis of indoleamine derivatives with HPLC-MS 
HPLC-MS has gained popularity for the determination of thermally labile trace 
compounds being present in complex samples. This fact can partially be 
explained by the achievement of MS interface technology. The two main parts 
of an analytical method development are the optimization of the separation 
and the detection of the compounds. Indoleamine derivatives were separated 
from trans- and cis-piceid and trans- and cis-resveratrol on a C18 HPLC 
column using gradient elution with acetonitrile and 0.1% (v/v) formic acid, 
from 5 to 100%, within 40 minutes (Huang & Mazza, 2011). In the absence of 
interfering compounds, serotonin and melatonin by themselves can be 
separated within 15 min, using higher increment of the stronger solvent 
(González-Gómez & Lozano, 2009). Parallel determination of serotonin and 
melatonin was carried out using electrospray ionization (ESI) in HPLC-MS 
systems. Parameters for ESI can be optimised with the direct introduction of 
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standard solution into the ionization source in order to find the optimal 
capillary temperature and spray voltage for ionization. Spray voltage of 3.50 
and 4.00 kV were found as optimal for serotonin and melatonin, respectively, 
while 250 °C capillary temperature was the best for both compounds (Huang 
& Mazza, 2011). These indoleamines are prone to the formation of positive 
ions with the addition of a proton to their nitrogen atom; therefore the positive 
ion mode was used for the formation of quasimolecular ions, m/z 233 for 
melatonin and m/z 177 for serotonin (González-Gómez & Lozano, 2009; Huang 
& Mazza, 2011). Huang and Mazza (2011) applied tandem MS to detect the 
fragmentation pathways from precursor ions at m/z 233 and at m/z 177 and 
quantified their results based on the monitoring of the most abundant 
fragment ions.  
 
CONCLUSIONS 
Determination of indoleamine derivatives has been started decades ago, 
however, the primary investigations referred to animal organs, like pineal 
gland. The analysis of serotonin and melatonin from foods gain actuality 
following the millennium. In the case of fresh fruits, like sour and sweet cherry, 
the available literature is limited, despite the fact that the rapid development 
of HPLC-MS enabled the possibility of the accurate and precise measurement 
of compounds with low volatility and thermal instability. The reported 
concentration values cover a wide range, and the factors affecting the 
serotonin and melatonin levels in cherries have not been completely 
elucidated. The improvement of selectivity and sensitivity of the analytical 
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